The Leopard cat Prionailurus bengalensis is a habitat generalist that is widely distributed across Southeast Asia. Based on morphological traits, this species has been subdivided into 12 subspecies. Thus far, there have been few molecular studies investigating intraspecific variation, and those had been limited in geographic scope. For this reason, we aimed to study the genetic structure and evolutionary history of this species across its very large distribution range in Asia. We employed both PCR-based (short mtDNA fragments, 94 samples) and high throughput sequencing based methods (whole mitochondrial genomes, 52 samples) on archival, noninvasively collected and fresh samples to investigate the distribution of intraspecific genetic variation. Our comprehensive sampling coupled with the improved resolution of a mitochondrial genome analyses provided strong support for a deep split between Mainland and Sundaic Leopard cats. Although we identified multiple haplogroups within the species' distribution, we found no matrilineal evidence for the distinction of 12 subspecies. In the context of Leopard cat biogeography, we cautiously recommend a revision of the Prionailurus bengalensis subspecific taxonomy: namely, a reduction to 4 subspecies (2 mainland and 2 Sundaic forms).
by The IUCN Red List of Threatened Species (Ross et al. 2015) . Commensurate with its large distribution, a plethora of 38 subspecies have been described (Wozencraft 2005 (Imaizumi 1967) and Prionailurus bengalensis euptilurus (e.g., Heptner and Sludskii 1992) are often considered to be distinct species. So far, delineation of these subspecies was exclusively based on morphological traits, such as skull size, body size, coat color, and coat pattern (e.g., Groves 1997; Sicuro and Oliveira 2015) . But effective species management also requires genetic knowledge of taxon subdivision; it is therefore strongly recommended to use molecular methods in addition to morphological approaches.
Thus far, there have been a handful of studies investigating the genetic variation across the Leopard cat's distribution areas (Tamada et al. 2008; Mukherjee et al. 2010; Luo et al. 2014) . These studies were focused on determining if a genetic discontinuity was apparent in the respective region of interest (NE Asia and Indochina: Tamada et al. 2008; India: Mukherjee et al. 2010 ; Indochina/China and Sunda: Luo et al. 2014) . However, the use of different markers and only partial coverage of the Leopard cat's vast distribution range in these studies have forestalled a comprehensive examination of the species' genetic structure across its distribution. Nevertheless, there was some overlap in geographic regions covered by these studies that suggested the presence of two divergent lineages: (1) a "Mainland lineage" inhabiting India, China, far eastern Russia, the Korean peninsula, the Japanese islands, and Indochina and (2) a "Sunda lineage" occurring on Peninsular Malaysia and Borneo. As this wide-ranging generalist species can serve to further our understanding of the complex biogeographic history of species in Asia, we collected Leopard cat samples from all 12 accepted subspecies across almost the entire distribution range of this species ( Figure 1a ; Table 1 ). To do so, we used multiple types of samples: blood, tissue, archival material, and noninvasively collected material (feces). We combined hybridization capture ("target enrichment") and high throughput sequencing to generate data for complete mitochondrial genomes to 1) resolve the Leopard cat phylogeography across its range, 2) examine the validity of the current subspecies delineation, and 3) determine if genetic substructures exist within the mainland and the Sunda region.
A clear delineation of potentially existing taxonomic units is of great importance for the long-term conservation of the genetic variability of this species. The Leopard cat is one of the most traded cat species (Nowell and Jackson 1996) . Confiscated mammals are often released into the wild without any information about their geographical origin (Banes et al. 2016) , thereby potentially hampering conservation efforts. In the case of the leopard cat our study therefore provided the baseline molecular data to identify the origin of traded individuals.
Materials and Methods

Samples
We collected 198 Leopard cat samples: 178 archival samples (skin, skull, and/or skeleton material) from natural history museums, 10 fresh tissue samples from road kills, 3 blood samples collected from zoo animals (descendants of wild caught Leopard cats from far eastern Russia), and 7 fecal samples from wild individuals (see Supplementary Table 1 for details on each sample).
DNA Extraction
DNA from fecal samples, fresh tissue, and blood was extracted using the GEN-IAL All-tissue-First-DNA-Kit (GEN-IAL GmbH, Troisdorf, Germany) following manufacturer's instructions. A modified phenol-chloroform extraction protocol (Wisely et al. 2004 ) was used for DNA extraction from archival samples. Archival samples that failed in the first round of extraction were then extracted using the Qiagen DNeasy Blood & Tissue kit (Qiagen, Hilden, Germany) with some modifications (Wilting et al. 2016) . Isolation of DNA from archival and fresh samples was carried out in separate facilities to avoid any cross-contamination. Extraction blanks were included at a ratio of 2 blanks per 5 samples (Pääbo et al. 2004 ).
Sample Selection
After each DNA extraction, the target species (Leopard cat) of the material was verified by PCR amplification of a 146 bp long cytochrome b (cytb) fragment (designed using GenBank sequence NC016189). Following this approach, 94 out of 198 samples were successfully verified as Leopard cat and selected for further analysis. We then tested sample suitability for mitogenome sequencing by amplifying and sequencing a 800 bp long cytb fragment using 3 primer pairs (see detailed protocol in Supplementary Material). Based on these results, we retained 67 samples, whose complete mitochondrial genomes were sequenced.
Library Preparation, Hybridization Capture, and Sequencing
From these 67 samples, we generated paired-end Illumina libraries using a modified protocol (Fortes and Paijmans 2015) . Due to the degraded nature of DNA from archival and fecal samples, we employed a target enrichment technique called "in-solution hybridization capture" to enrich the Illumina libraries for target mtDNA. This method was also applied to fresh samples to avoid methodological bias. Baits for capture were generated by amplifying 3 ~6 kb long fragments (overlapping) of the Leopard cat mitogenome using long range PCR (see Primers and PCR protocol details in Supplementary Material). Bait preparation (see details in Patel et al. 2016 ) and in-solution capture were carried out as previously described in Maricic et al. 2010 ; hybridization was carried out at 65 °C due to the degraded nature of samples . These mtDNA enriched libraries were amplified and underwent a second round of enrichment to increase target yield (Li et al. 2013 ). The enriched libraries were then pooled equimolarly and sequenced using the 150 cycle Reagent Kit v3 on a MiSeq, Illumina (San Diego, CA). The Iriomote island population was previously classified as a distinct species by Imaizumi (1967) due to divergence in morphological characteristics. However, cytogenetic and genetic studies rejected species-level distinction despite prolonged isolation from the mainland population (Modi 1988; Wurster-Hill 1987; Masuda et al. 1994; Masuda and Yoshida 1995; Johnson et al. 1999) , we thus followed the proposed designation of this population as a subspecies P. b. iriomotensis (Masuda and Yoshida 1995) .
Bioinformatic Analysis
De-multiplexing of paired-end reads using bcl2fastq v2.17.1.14 (Illumina, Inc.) was followed by removal of adapter sequences (cutadapt v1.3; Martin 2011) . We reduced the "minimum overlap length" parameter to 1 and the "match-read-wildcards" option was enabled to increase the sensitivity of adapter detection. Quality-trimming was carried out using a sliding window approach in Trimmomatic (Bolger et al. 2014) , with the phred quality threshold set at Q = 20. The resulting adapter-clipped and quality-trimmed paired reads were then merged using the software Flash v1.2.8 (Magoč and Salzberg 2011) . The resulting (Flashed) sequences were aligned to the reference Leopard cat mitogenome (GenBank accession no. NC016189) using BWA v0.7.10 (Li and Durbin 2009). Aligned sequences were de-duplicated using MarkDuplicates from Picard-tools v1.106 (https://github.com/broadinstitute/picard). Variant calling was carried out using Samtools v1.1 ) and Bcftools v1.2 (http://github.com/samtools/bcftools). In order to recover as much data as possible we used a form of iterative mapping, in which a second round of mapping was performed to the corresponding sample consensus (obtained in the first mapping round) using BWA v0.7.10. This increased the number of mapped reads by 1-10%. For each sample, Gatk (genome analysis toolkit; Broad Institute, Cambridge, MA) variant calling output files (*.vcf) were further filtered to have a minimum read coverage ≥5×, and variants were only called when the corresponding base was represented by ≥80%, otherwise this position was "N"-masked.
Each consensus sequence was annotated in Geneious v8.1.7 (Kearse et al. 2012 ) and manually curated for start and stop codons in CDS to assure correct alignment. Due to the uncertainty in repeat numbers and In-Del positions in the control region ("D-Loop"), it was excluded from further analysis, leaving 15 450 bp. Mitogenome sequences were also inspected carefully for potential chimeras indicating Numts.
Phylogeographic Analysis
Cytochrome b Data
Along with the 94 cytb sequences obtained in this study, we used 10 Leopard cat cytb sequences from GenBank (Supplementary Table  1 ). The final data set consisted of 104 P. bengalensis sequences and a Prionailurus rubiginosus sequence as outgroup (GenBank accession. no. KP202266). RAxML v8.0 (Stamatakis 2014) was used for phylogeny reconstruction using a maximum-likelihood (ML) approach. The GTRGAMMA substitution model (Tavaré 1986 ) was applied to infer the phylogeny (50% majority-rule consensus), and confidence in nodes was evaluated using 1000 bootstrap replicates.
Mitochondrial Genome Data
Mitogenome sequences were aligned using MAFFT v7.0 (Katoh and Standley 2013) . jModelTest v2.1.7 (Posada 2008 ) was applied to obtain the best substitution model using the Akaike Information Criterion (AIC; Akaike 1974) for the mitogenome sequences.
We constructed 2 phylogenies using the mitogenome data: one using an ML approach (RAxML v8.0) with GTR (Tavaré 1986) as substitution model (as it is the only model provided in RAxML) and the other using Bayesian inference (BI; MrBayesv3. 2, Ronquist et al. 2011 ) applying TrN93 (Tamura and Nei 1993) as a substitution model (obtained by jModelTest). Time to the most recent common ancestor (TMRCA) for the major nodes was estimated in BEAST v1.8 (Drummond et al. 2012 ) using "Yule process" as tree model prior and TrN93 as substitution model. Because we were analyzing intraspecific sequences, we applied a strict molecular clock with a uniform distribution prior (mean = 0.02, lower = 0.01, upper = 0.1). The tree root height prior of mean was set to 1 million year and SD to 0.14 (upper bound 97.5% = 1.5, lower bound 2.5% = 0.7) with normal distribution according to a recent study involving P. bengalensis (Li et al. 2016) . Four independent analyses were performed using an MCMC length of 50 million generations with result logging every 3000th generation. The traces of all runs were evaluated in Tracer v1.6 (Rambaut et al. 2013) for having an effective sample size (ESS) > 200 for a better representation of posterior distributions. PopArtv1.7 (Leigh and Bryant 2015;  http://popart.otago.ac.nz) was used for illustrating genealogical relationship between populations from mitogenomes using a median joining (MJ) network approach.
Genetic Diversity Statistics
The mitogenome dataset was evaluated following 2 schemes: (I) according to the conventional subspecies described (Table 1 ) and (II) according to the haplogroups retrieved from this study (Figure 2 ). The cytb dataset could only be analyzed for scheme I due to insufficient resolution for scheme II. The number of segregating sites (S), number of haplotypes (H), haplotype diversity (H d ), nucleotide diversity (π), average number of nucleotide difference (k), F ST statistics and gene flow (Nm) were calculated with DnaSP v5.10 (Librado and Rozas 2009). Significance for each test was estimated using 10 000 permutations. Estimated F ST and geographic distance matrices were used to perform a Mantle test in R (Chessel et al. 2004 ) to check for isolation by distance.
Results
Cytochrome b
The ML phylogeny revealed a deep split between a "Mainland lineage," consisting of samples from the mainland, and a "Sunda lineage," dominated by samples from the Sundaic islands (including some mainland samples from Peninsular Malaysia; Figure 1b ). Within the Mainland lineage, samples from Russian Far East, Taiwan, Tsushima Island, Iriomote Island, and China grouped together; samples from Southwest India and Northeast India were in different clades and samples from China, Thailand, Myanmar, and Peninsular Malaysia shared these 2 clades. Within the Sunda lineage, samples from Java and Bali formed a monophyletic clade, while samples from the other islands (Sumatra, Borneo, and the Philippines) and Peninsular Malaysia were distributed across the Sunda lineage, without an apparent geographic structure. The 104 Leopard cat sequences in the cyt b phylogenetic tree covered all 12 currently recognized subspecies.
Mitogenome
In order to enhance the resolution of both genetic variation and its distribution, we sequenced complete mitogenomes of 67 Leopard cat samples (15 450 bp; without D-loop). After our bioinformatics pipeline, we retained 52 mitogenomes of sufficient quality and sequencing depth (≥5x) for further analysis. These 52 samples represented 9 out of the 12 subspecies. The MJ-network among mitogenomes ( Figure 2 ) clearly depicts the divergence (minimum of 108 mutational steps) between the Mainland and the Sunda lineages.
Within the Mainland, 4 haplogroups are evident: haplogroup A consisting of samples from NE India, China, and Indochina (Thailand, Vietnam, Myanmar, and Malaysia); haplogroup B with samples from southern India, China, Laos, and Peninsular Malaysia; haplogroup C with samples from Indochina (Laos, Thailand, and Myanmar); and haplogroup D with samples from Russia, Taiwan, and China. The Sunda lineage was composed of 2 haplogroups: haplogroup E comprising samples from Sumatra, Borneo, the Philippines, and Peninsular Malaysia; and haplogroup F with samples from Java and Bali. Noticeably, the 2 Sunda haplogroups were differentiated by more mutational steps (at least 47) than were the mainland haplogroups (at least 9-25).
The tree topologies recovered using ML and BI were consistent ( Figure 3 ) and supported both the deep split between the Mainland and the Sunda lineages and the haplogroups identified in the network. Samples from Peninsular Malaysia grouped into both lineages (Mainland and Sunda), as they did in the cytb tree. Unfortunately, some regions of the distribution range were not included in the mitogenome analysis (e.g., Mongolia, Hainan, and North India) because samples from these locations did not yield sufficient sequence data (not even after "enrichment").
The Bayesian approach implemented in BEAST v1.8 allowed us to estimate TMRCA of the Mainland and the Sunda Leopard cat lineages at 0.92 million years (myr; 95% highest posterior density [HPD]: 0.56-1.3 myr). The TMRCA for the haplogroups of the mainland clade (A-D) was estimated to be 0.15 myr (95% HPD: 0.096-0.21 myr), and the split between Java-Bali (haplogroup F) and Sunda haplogroup E was estimated to be 0.234 myr old (95% HPD: 0.134-0.331 myr).
Statistics Summary
The genetic diversity for the total population of Leopard cats calculated using 104 cytb sequences (800 bp) comprising 31 haplotypes was H d = 0.834 ± 0.035 and π = 0.0075 ± 0.00040, while the 52 mitogenome sequences (15 450 bp) comprising 47 haplotypes had values of H d = 0.996 ± 0.005 and π = 0.0079 ± 0.00032 (Table 2) . Genetic differentiation (F ST ) between the Mainland and the Sunda lineages was significant, both for cytb (=0.677, P < 0.001) and for mitogenomes (=0.808, P < 0.001; Table 3 ). We found no significant isolation by distance pattern, neither using all samples (r 2 = 0.18, P = 0.204) nor using only mainland samples (r 2 = 0.17, P = 0.457) (Supplementary Figure 1) .
Discussion
Evolutionary History of Divergence within Leopard Cat
Our larger sampling, both in terms of geographic range coverage and in sequence lengths analyzed, supported previous findings of 2 highly divergent mitochondrial lineages in the Leopard cat: the Mainland lineage and the Sunda lineage (Tamada et al. 2008; Luo et al. 2014 ). Based on their findings, these authors tentatively recommend the elevation of the 2 clades obtained to species level. However, as Sunda lineage representatives in the latter study ) consisted mainly of samples from Peninsular Malaysia (N = 19, supplemented by 4 Bornean samples), the authors concluded that further sampling from the Sunda region would be needed to corroborate the Sunda lineage and thus justify a separate species status for the 2 lineages.
With this intention, we included a large number of samples from all major islands of the Sunda region in our study and also covered a broad mainland distribution (Figures 1 and 2) , providing a much larger geographic context, and thus allowing the unequivocal distinction between the Mainland and Sunda Leopard cat lineages. Previously, the split between Mainland and Sunda Leopard cats had been dated to have occurred between 2.67 million year ago (mya) (mtDNA) and 1.35 mya (Y-chromosome) . However, our mitogenome data indicated a more recent divergence of 0.92 million years (myr; 95% HPD: 0.56-1.3 myr), an estimate that fits very well with the date of ~1 myr derived from a study of several felid genomes (Li et al. 2016) . The older estimates of divergence obtained by Luo et al. (2014) likely reflect their use of priors based on interspecific divergences (Johnson et al. 2006) , which have been recently revised based on genome-wide SNP data (Li et al. 2016 ), while we were able to make use of recently published intraspecific divergence estimates (Li et al. 2016) .
Such a deep divergence between Indochinese and Sundaic populations has already been observed in many other taxa, either on a species, subspecies, or population level (mammals: Woodruff and Turner 2009; birds: Hughes et al. 2003; bats: Hughes et al. 2011; amphibians: Inger and Voris 2001) and has been attributed to the zoogeographic transition zone around the Isthmus of Kra (IoK; 5-13°N). It has been suggested that rapid sea-level rises during the last 5 myr have repeatedly submerged the IoK, thereby compressing species distributions to regions north and south of IoK (Woodruff and Turner 2009 ). However, we exclude the flooding of the IoK as a cause of the split in Leopard cats for 2 reasons: first, the lineage split in Middle Pleistocene between Indochinese (Mainland lineage) and Sundaic Leopard cats (Sunda lineage) is much younger than the submergence of the IoK during the Pliocene and second, the low sea levels during glacial periods in the last 2 myr exposed a wide land bridge connecting Sundaic and Indochinese landmasses (Lohman et al. 2011) , allowing habitat generalist species such as the Leopard cat to disperse across the IoK. Even the previously suggested older divergence time of 2.67 myr does not fit a scenario driven by IoK submergence. Instead, we postulate that the divergence of the 2 Leopard cat lineages was caused by the continuously changing environmental conditions of glacials, interglacials, and their transition phases (Dejtaradol et al. 2016) . It is conceivable that the lineage divergence was maintained, or even facilitated, by the temporal extinction of Leopard cats in Peninsular Malaysia in the aftermath of the Toba super-volcanic eruption 73 kya (Ambrose 1998; Williams et al. 2009; Nater et al. 2011; Wilting et al. 2015) , separating the mainland P. bengalensis populations from the Sundaic ones. The contemporary sympatry of the 2 lineages in Peninsular Malaysia (Tamada et al. 2008; Luo et al. 2014;  this study) appears to be the result of re-colonization from both the north (Mainland lineage) and the south (Sunda lineage). Re-colonization from the south must have occurred during glacial periods when the exposed land bridge(s) connected Borneo and Peninsular Malaysia (Bird et al. 2005) . The short branch lengths for Malaysian samples and the short coalescent times for nodes involving these samples support such a relatively recent bidirectional movement into Peninsular Malaysia (Figure 3 ) has also been suggested for other carnivores (e.g., leopard P. pardus: Luo et al. 2014; Wilting et al. 2016 ; tigers Panthera tigris: Wilting et al. 2015 ; Common palm civet Paradoxurus hermaphroditus: Patou et al. 2010) .
The divergent origin of Leopard cats in Peninsular Malaysia raises the possibility that a secondary contact zone exists here, where Leopard cats of the 2 highly divergent matrilines may hybridize. As previous studies even found some evidence for hybridization of Leopard cats of these lineages in Peninsular Malaysia , we refrain from a taxonomic elevation of the 2 lineages to species level here, but strongly encourage additional nuclear DNA 
Genetic Structure within Mainland Leopard Cats
The Mainland Leopard cat lineage displayed further genetic structuring and consisted of 4 haplogroups, whose divergence was dated to the Late Pleistocene (Figure 3 ). Among the 4 haplogroups, haplogroup D (Far Eastern Leopard cats) diverged about 0.06 mya (95% HPD = 0.03-0.1 mya), which corresponds well with the submergence of the land bridges between Taiwan, the Japanese islands, and Southeast China (Kimura 2000) . Considering their significant genetic differentiation and their morphological differences to the other mainland Leopard cats (Sicuro and Oliveira 2015) , our data supports the delineation of populations from the Iriomote Islands, Taiwan, Far East China, and Far East Russia as one subspecies P. b. euptilurus without further subdivisions between these landmasses, a proposal which has also been made by the IUCN Cat Classification Task Force (Kitchener et al. 2017 ).
Haplogroups A and B comprise samples from Mainland Indochina and India (NE and SW). The latter are distributed in 2 haplogroups (NE Indian samples in haplogroup A, SW Indian samples in haplogroup B), a distinction that is consistent with previous findings (Mukherjee et al. 2010) . Such a disjunct distribution across the Indian subcontinent has also been found in other taxa (e.g., Macaques species and Flying lizards of the genus Draco; Praveen Karanth 2015) and likely reflects the climatic history of India, with a transformation of central India into a dry zone (Praveen Karanth 2003) . On the other hand, haplogroups A, B, and C were shared by samples from other mainland regions (Malaysia, Thailand, Myanmar, and China; Figure 3) , suggesting a wide and sympatric distribution of these haplogroups across the mainland Leopard cat range. A similar result-a distinct distribution in India (N and S) and overlapping distribution in Indochina-has been documented for mtDNA lineages in the Dhole (Cuon alpinus) (Iyengar et al. 2005) and in the Small Indian civets (Gaubert et al. 2016) .
Considering 1) the very low genetic differentiation between mainland haplogroups A, B, and C (Table 3) , 2) no significant isolation by distance pattern (Supplementary Figure 1b) , and 3) the very close phylogenetic positioning of samples representing currently Table 2 . Summary of number of samples (N), haplotypes (h) and measurements of diversity-haplotype diversity (H d ), segregating sites (S), nucleotide diversity (π), and average differences (k) for scheme I and scheme II for mitogenome and cytb data . b. trevelyani, P. b. alleni, and P. b . iriomotensis due to low number of samples. Due to the low resolution, cytb data could not be divided into haplogroups. accepted subspecies Prionailurus bengalensis trevelyani (sample PBE 191 from Himachal Pradesh, India), Prionailurus bengalensis alleni (samples from Hainan), Prionailurus bengalensis horsfieldi (samples from Nepal, Tibet, and Assam, India), and Prionailurus bengalensis chinensis (samples from China and Mongolia) (Figures 1 and 3) , our mtDNA analysis does not support the current subspecies assignment. We thus make a tentative suggestion to use Prionailurus bengalensis bengalensis as synonym for these previously described mainland Leopard cat subspecies (excluding the far northern populations of P. b. euptilurus, see above).
Genetic Structure within Sunda Leopard Cats
The Sunda Leopard cat lineage consisted of 2 haplogroups (E and F), whose divergence was dated to the late Middle Pleistocene, approximately 0.235 mya (95% HPD = 0.13-0.33 mya). Such a long isolation seems surprising, as all greater Sunda Islands including Java and Bali (haplogroup F) were repeatedly connected to each other during the glacial periods, when sea levels dropped by 50-130 m (Voris 2000) . However, similar vicariant evolution has been suggested for other Javan species (Hylobates and Nomascus gibbons: Chan et al. 2013; leopard: Wilting et al. 2016 ; SE Asian pigs Sus sp. : Frantz et al. 2014) or Bali species (Small Indian civets: Gaubert et al. 2016) . It is noteworthy that our data is restricted to matrilineal information, while males are often the dispersing sex in cat species (Janečka et al. 2007; Mares et al. 2008; Gour et al. 2013) . Consequently, in order to exclude any past admixture between these populations, sequencing of nuclear DNA will be required. Nonetheless, based on the large genetic distance between Leopard cats from Java and Bali (haplogroup F) and the other Sundaic Leopard cat populations (haplogroup E), our data lend support to the delineation of Leopard cats from Java and Bali as subspecies Prionailurus bengalensis javanensis . The phylogenetic position of Leopard cats from Borneo, Peninsular Malaysia, Sumatra, and the Philippine islands of Palawan and Negros in the same haplogroup (haplogroup E) suggests widerange dispersal across Sundaland during glacial periods. The even distribution of Bornean samples across this haplogroup, including their basal position, hint at a Bornean origin of this haplogroup and at a post-Toba expansion from Borneo to Sumatra and Peninsular Malaysia (see above).
Interestingly, the samples from the Philippine islands (Palawan: Prionailurus bengalensis heaneyi; Negros: Prionailurus bengalensis rabori) were nested within the Bornean samples ( Figure 3 ). While Palawan island was connected to Borneo during the late Pleistocene glaciation (Heaney 1986; Voris 2000; Hall 2001) , the other Philippine islands were neither connected to Palawan nor to any of the other Sunda Islands (Reis and Garong 2001) . Although it is conceivable that leopard cats dispersed over-water (e.g., by rafting), this was considered rather unlikely for mammals (De Queiroz 2005 , but see Yoder et al. 2003 ) and thus renders a human introduction from Palawan to Negros more plausible. The low genetic differentiation between Leopard cats from Palawan and Negros (F ST = 0.08, P > 0.05; Table 3 ) indicated a very recent establishment of the Negros Leopard cat population, which also supports the introduction by humans scenario. The likeliness of such a scenario for many species had been proposed earlier (Reis and Garong 2001) and was assumed to explain parts of the current distribution range of the common palm civet Paradoxurus hermaphroditus (Patou et al. 2010 ) and the Malay civet Viverra tangalunga (Veron et al. 2014) in insular Southeast Asia. Although morphological differences between Leopard cats from Palawan on one hand and Negros, Cebu and Panay Islands on the other, led to their differentiation into 2 subspecies P. b. heaneyi (Palawan) and P. b. rabori (Negros, Cebu, Panay Is.) (Groves 1997) , it remains unresolved here if these differences are mainly a result of genetic drift in the small founder population that reached Negros either by recent natural dispersal from Palawan or by introduction. Since we found a very high genetic similarity among Leopard cats from the Philippines, Borneo, Sumatra, and Peninsular Malaysia (Sunda lineage, haplogroup E), our mitogenome data provide at least matrilineal evidence to consider them as belonging to only one subspecies: Prionailurus bengalensis sumatranus .
Conclusion
The widespread and habitat generalist Leopard cat is an excellent candidate species to study the biogeography of Asian mammals. Although, we were able to compile a mitogenome dataset from a considerable number of samples across the Leopard cat's range, our results are solely based on a single genetic marker (mtDNA), whose analysis can potentially lead to erroneous phylogenetic conclusions, for example, due to incomplete lineage sorting or introgression (Hailer et al. 2012; Li et al. 2016) . Therefore, our taxonomic suggestions should be considered as tentative. To provide a more balanced view on the Leopard cat's taxonomy, additional follow-up studies are needed and should include a sufficient number of samples, multiple nuclear DNA markers, morphological traits, and ecological parameters. We perceive our study as a stepping stone to facilitate future studies, particularly of the island populations. We would like to sum up the results of our mitogenome data analyses as well as our conclusions as follows (Figure 4 ):
